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1.6 INTRODUCTION 


This report describes the work performed by Harris 
Corporation, Government Communications Systems Division (GCSD), on 
Subtask 4, Transmitter Combining for Simultaneous Transmission of 
FDMA and TDMA carriers under Subcontract S-165, Earth Terminal 
Subsystem Study. 


The introduction of TOMA into the DSCS will mean that CW 
carriers (FDMA) and pulsed carriers (TDMA) must co-exist in the same 
earth terminal. If a common power amplifier is used for both 
carriers, degradation of the FDMA signals would occur due to cross- 
modulation effects unless the power amplifier is operated far below 
Saturation. Efficient transmission of FDMA and TOMA signals simul- 
taneously from a single earth terminal will, therefore, require the 
combining of the outputs from separate FDMA and TDMA power amplifiers. 
No such capability exists in the AN/FSC-78 (HT) terminals and none is 
being provided in the AN/MSC-61 (MT) terminals being procured. 


This report presents the results of a study of alternative 
diplexing/combining approaches for achieving simultaneous FDMA and 
TOMA transmissions in the AN/FSC-78 and AN/MSC-61 terminals. Pecause 
of the commonality between the HT and MT terminal electronics, all 
efforts addressed in this study are applicable to both terminal types. 


This report is organized to define requirements and 
assumptions relative to the diplexer/combiner; this is then followed 
by an evaluation of alternative designs. Finally, a recommended 
approach is presented. 


2.0 SCOPE 


The scope of the study effort to be performed under this 
task is limited primarily to a review of previous Harris experience 
in filter and diplexer design and construction. Design and fabrica- 
tion experience obtained in the development of the diplexers for the 
MT and LT antenna systems will be used as the primary information 
base for this study. 


3.0 REQUIREMENTS 


The basic requirement is to diplex FDMA signals from the 
existing TWT HPA with signals from a new TDMA transmitter which will 
be located in the RF Equipment Room of the AN/FSC-78 or AN/MSC-61. 
The RF Equipment Room of both terminals can be considered identical 
for purposes of this study. 


The TOMA transmitter will have an output power of 5 kW 
and will operate at a 10% duty cycle at a 60 MHz burst rate in 
Channel 1 of the DSCS Phase III Satellite. The existing TWT HPA 
will be transmitting FDMA signals in a 40 MHz band in both Channels 
2 and 6. The DSCS Phase III satellite frequency plan is shown in 
Figure 1. 


It is assumed that the TDMA transmitter will operate at 
full peak power of 5 kW and that the composite power of the FDMA 
carriers in Channels 2 and 6 will be 2 kW maximum. It is desirable 
that all diplexer components have a power handling capability of at 
least 10 kW CW. 


The criteria for performance of the diplexer is to mini- 
mize insertion loss, especially for FOMA signals. To prevent inter- 
action between the TDMA transmitter and the existing TWT HPA, the 
rejection of TDMA signals at the FDMA transmitter output and the 
rejection of FDMA signals at the TDMA transmitter output should be 
20 dB minimum. Group delay should be minimized especially for TDMA 
signals. 


4.0 DESIGN ALTERNATIVES 


Three alternative diplexer configurations were studied to 
perform the channel combining function; conventional bandpass filter, 
band stop filter and dual E-stub filter. All three configurations 
use two identical filters place between short-slot hybrids of 3 dB 
couplers as shown in Figure 2. The functioning of such a filter/ 
hybrid combination is as follows: frequency Fy enters port number 2 
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Figure 1. DSCS Phase III Satellite Frequency Plan 


j 
1 
: Tem INaT/ON 
7 { Fit Fo 
| = sToP F,— PASS Fa ee ACE SS 
LDETIAL FILTERS 
*3 S . 
NS 
ae as | f 
Snonr Sh07 HYBRIDS 
Fa. 


F, 


Figure 2. Diplexer Configuration 
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and is totally reflected by the filters and exits port number 3. 
Frequency Fo enters port number 1 passes through the filters and com- 
bines with Fy at port number 3. Port number 4 is isolated from both 
Fy and Fo and is terminated. 


The three alternative diplexer configuration, all of 
which use the filter/hybrid arrangement described above, are dis- 
cussed in the following paragraphs. 


4.1 Bandpass Filter Diplexer Design 


Three bands (channels) must be combined. The TDMA channel, 
Channel 1, 7.975 to 8.035 GHz (Fr) is to be inserted between two FDMA 
channels, Channel 6, 7.900 to 7.950 GHz and Channel 2, 8.060 to 
8.130 GHz (Fu). The two FDMA channels are the output from the TWT 
HPA and are already combined. Although not given as a constraint 
for purposes of this study, the uplink frequency band above Channel 
2 (8.130 to 8.400 GHz) should also be considered a bandpass. 


Referring to Figure 2, the two identical filters are 
constructed as bandpass filters for the TDMA channel. The FDMA 
channels, Fy and Fu enter port number 2 and are reflected by the 
filters and exit port number 3. The TDMA channel Fo enters port 
number 1 passes through the filters and combines with Fy and Fu at 
port number 3. The combined output of the TDMA channel and the FDMA 
channels, is therefore, available at port number 3. 


If the bandpass filters were direct coupled and built 
with WR 137 copper waveguide using symmetrical vane irises, an 
unloaded Q of about 8000 might be obtained. Figure 3 shows the band- 
pass characteristics of such a filter consisting of five poles to 
provide a minimum of 20 dB isolation between the two transmitter 
outputs. The complete combiner losses would be very low (0.1 dB) 
for the FDMA channels but would approach 2.0 dB at the TDMA channel 
band edges. 

A variation of this bandpass filter design consisting 
of high Q cyclindrical cavitfes TEQ}) mode provides an ‘unToaded Q 
of approximately 18,000. The insertion loss of the diplexer using 
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Figure 3. Loss Characteristics of 5-Pole Bandpass 
Filter when Constructed with WR 137 Copper Waveguide 


this type filter is approximately 0.7 dB for the TOMA signal at the 
band edges and has approximately 0.1 dB loss for FDMA signals. The 
design of bandpass filters such as required for this application is 
very straightforward. Computer programs exist to accurately 
determine insertion loss, return loss (VSWR), and nhase character- 
istics. Such a computer analysis was performed for this filter. The 


results are shown in the computer run in Appendix A. The analysis was 


performed using three different bandwidths to determine the lowest 
loss that could be obtained while still providing adequate isolation 
between FDMA and TDMA bands. The design is based on a five cavity 
0.04 dB ripple Chebyschef bandpass filter. The results of the 
analysis are as follows: 


Insertion Loss Insertion Loss Isolation Between 
TOMA TOMA TDMA TDMA and 
Bandwidth Band Edges Band Center FDMA Ports 
62.0 MHz 0.82 dB 0.55 dB 25 dB 
64.0 MHz 0.77 dB 0.50 dB 23 dB 
66.0 MHz 0.70 dB 0.46 dB 21 dB 


The widest filter (66 MHz) also provides the least isola- 
tion between ports. However, the isolation was still greater than 
the minimum 20 dB required, therefore, the 66 MHz bandwidth appeared 
to be the best choice. The effect of reflecting FDMA signals from 
a nonperfect short was a concern for QPSK modulated signals. The 
nonperfect short manifests itself as an amplitude and phase charac- 
teristic which can cause degradation of the orthogonality of quadra- 
ture signals. Inspection of the reflection coefficient and angle of 
reflection has shown these values to be negligible. Hence, the 
66 MHz wide bandpass filter used in this configuration should have 
negligible effect on the FDMA channels except for the 0.1 dB loss. 


4.2 Band Stop Filter Diplexer Design 


The FDMA and TDMA channels can be combined using a band 
stop filter design in the diplexer. For such a diplexer a band 
stop filter is substituted for the bandpass filter described in 
Paragraph 4.1. Referring again to Figure 2 the FDMA channels, FE 
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and Fie enter port number 1 pass through the filters to port number 
3. The TOMA channel enters port number 2, is reflected by the band 
stop filters into port number 3. 


No calculated loss data is available for the exact band- 
stop filter requirement, but a band-stop filter of the same type was 
used in the HT terminals. A plot of this filter's loss as measured 
at Harris is shown in Figure 4. The rejection slope of the HT filter 
is about half of that required for this application since the guard 
band is only 25 MHz and the passband to 20 dB stop-band separation is 
only 42 MHz. The stop bandwidth of the HT filter is also about 
twice that required. Narrowing the stop bandwidth will increase the 
passband loss, especially at the band edges. A loss of approximately 
0.7 dB at the band edges is predicted for this approach. This band 
edge loss occurs at the high end of FDMA Channel 6 and at the low 
end of FDMA Channel 2. The TDMA channel loss would be close to 
0.1 dB. 


4.3 Dual E-Stub Wideband Band Stop Filter Diplexer Design 


The combining function can be performed using dual E-stub 
wideband band stop filters in the diplexer design. Such a configura- 
tion is shown in Figure 5. It uses two diplexer sections. Each 
section uses broadband band stop E-stub filters to reduce passband 
losses. The first diplexer section separates the FDMA channels and 
combines the TDMA channel with FDMA Channel 6 in port number 3. 

FDMA Channel 2 passes through the filter into port number 4. The 
TDMA and FDMA Channels, Fr and Fis enter port number 6 in the second 
section of the diplexer, pass thraugh the filters and are combined 
with the FOMA Channel 2, Fue in port number 8, the output port of 
the network. With this configuration the channel nearest the filter 
stop band (passband edge) is always the TOMA signal. The FDMA 
channels are either the reflected signals or are far from the filter 
band edges. 
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Figure 5. E-Stub Band Stop Filter Diplexer Configuration 


Figure 6 is a sketch of a dual seven cavity, E-stub filter 
configuration used in an MT antenna diplexer application. This 
diplexer was designed to combine signal channels with a frequency 
separation of 50 MHz with an isolation greater than 60 dB. Although 
this diplexer was designed for 50 MHz frequency separation between 
channels which is twice the 25 MHz guard bands between the channels 
in the present application, test data indicated it would provide 25 
dB isolation for a 25 MHz separation. The loss for reflected signals 
in this diplexer was 0.2 dB at band edge and dropped to 0.1 dB within 
20 MHz of band edge. For signals passing through the filter the loss 
was 0.4 dB at band edge and dropped to 0.1 dB within 30 MHz. Losses 
could be reduced further by using a Sharper cutoff (more stubs or 
longer stubs). 


5.0 EVALUATION OF ALTERNATIVE DIPLEXER DESIGNS 


The advantages and disadvantages of the three diplexer 
approaches discussed in Section 4.0 are briefing summarized below. 
The calculated loss curves for the three cases are shown in Figure 7. 


Band Pass Filter Approach 


This is the most simple, straightforward, and lowest risk 
design approach. Computer programs exist for almost exact design. 
Highly accurate loss, VSWR and phase characteristics can be 
computed. However, this design has unacceptably high losses in the 
TDMA channel when implemented in WR 137 waveguide. The loss at the 
TDMA band center can be reduced to 0.5 dB or slightly less if a TE 44 
cylindrical cavity design filter is used. The loss to FOMA channels 
is the lowest (0.1 dB) of the three approaches considered. 


Band Stop Filter Approach 

This approach provides the lowest loss to the TDMA channel 
but the highest loss to the FDMA channels. This filter is relatively 
simple in design although not quite as straightforward as the bandpass 
design. 
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Figure 7. Calculated Losses for the Three Alternative 
Diplexer Filter Approaches 
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Dual E-Stub Band Stop Filter Approach 


This is the most complex of the three filter approaches. 
Two filter sections are required which doubles the number of com- 
ponents and more than doubles the diplexer space requirement. This 
approach provides somewhat lower loss to the TOMA channel than can 
be achieved with the bandpass filter approach and provides lower loss 
to the FDMA channels than the bandstop filter case. 


In making a final tradeoff on the choice of diplexer 
approach some consideration should be given to the weight to be 
given the various channel losses. Is achieving lower losses more 
important in the TDMA channel or in the FDMA channels? 


For the application being considered, a TDMA transmitter 
is being added as a modification to an existing terminal. Non-TDMA 
channels should be degraded as little as possible. Specifically, 
the terminal EIRP and therefore AJ capability should be impacted 
as little as possible. 


After considering the loss calculations presented in 
Figure 6, along with other factors discussed above, it appears that 


the band stop filter approach discussed in Paragraph 4.2 can be 
eliminated based on the relatively high losses in the non-TDMA 
channels. This diplexer approach would present minimum losses of 
0.3 to 0.4 dB for all portions of the 7.9 to 8.4 GHz uplink band 
except for the TDMA channel where losses would be very low. 


The choice is then between the bandpass and the E-stub 
filter diplexer approaches. As previously stated the bandpass 
filter approach provides the least losses to non-TDMA channels, 
0.1 dB versus 0.2 dB minimum losses. However, the minimum loss 
at the TDMA channel band center will be somewhat higher for the 
bandpass filter approach. Using TE9 41 cylindrical cavities with 
a bandwidth of 66 MHz a minimum loss between 0.4 and 0.5 dB can be 
achieved for the TDMA channel using the bandpass filter approach. 
This loss can be reduced to about 0.3 dB using the E-stub filter 
approach. 


The bandpass filter diplexer approach is chosen over 
the E-stub filter approach. The slightly lower loss provided to 
the TDMA channel by the E-stub filter approach is outweighed by 
the lower loss in non-TDMA bands and by the simplicity, and smaller 
size of the bandpass filter diplexer approach. 


6.0 CONCLUSIONS 


Design approaches for a diplexer to combine FDMA and 
TDMA channel signals for simultaneous transmission in the DSCS 
Phase III Satellite have been evaluated. The scope of this study 
task limited the evaluation to diplexer approaches for which Harris 
has had previous design experience. 


A diplexer approach based on the use of bandpass filters 
using TEg11 cylindrical cavities has been presented. This approach 
allows the combining of FDMA and TOMA signals with low loss (0.1 dB) 
to non-TDMA channels and only moderate loss (0.4 to 0.5 dB at band 
center) to the TDMA channel. The effects on phase linearity are 
negligible for all channels. Based on the simplicity of the design 
approach presented it is concluded that the costs and risk 
associated with the diplexer will be negligible factors in any 
TDMA transmitter modifications to the AN/FSC-78 or AN/MSC-61 
terminals. 
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APPENDIX A 


Computer analysis for a cylindrical 5-cavity TE9 1) Tchebyscheff 


0.04 dB ripple bandpass filter for the following passbands: 


1. 7.973 to 8.037 GHz BW= 64 MHz 

2. 7.972 to 8.038 GHz BW= 66 MHz 

3. 7.974 to 8.036 GHz BW= 62 MHz 
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